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(57) ABSTRACT
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a backlight drive controller determining a luminance pattern
defining a magnitude of luminance of each of the plurality of
illumination parts on the basis of luminance information cor-
responding to each area to perform an area control for sepa-
rately controlling the luminances of the plurality of illumina-
tion parts in accordance with the luminance pattern, the
backlight drive controller having a special area control mode
for performing the area control by determining the luminance
pattern common to a plurality of frames of the image dis-
played on the display region, wherein the backlight drive
controller, in the special area control mode, performs com-
putation of an average value of the luminances of respective
pixels of the image on the basis of the image signal for the
plurality of frames to determine the luminance pattern.
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LIQUID CRYSTAL DISPLAY DEVICE

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a Continuation of PCT International
Application No. PCT/JIP2013/070297 filed on Jul. 26, 2013,
which claims priority under 35 U.S.C. §119(a) to Japanese
Patent Application No. 2012-181440 filed on Aug. 20, 2012.
Each of the above application(s) is hereby expressly incorpo-
rated by reference, in its entirety, into the present application.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device including a backlight capable of local dimming con-
trol.

2. Description of the Related Art

A mobile terminal such as a smartphone, a TV, or various
monitors are often provided with a liquid crystal display
device as an image display device. The liquid crystal display
device includes a liquid crystal panel having liquid crystal
elements two-dimensionally arrayed thereon the light trans-
mittance of each of which is adjustable and a backlight (de-
vice) emitting a light to the liquid crystal panel.

In recent years, a liquid crystal display device has been
known which includes a backlight having a plurality of illu-
mination parts each of which can respectively illuminate each
of a plurality of areas, the areas being obtained by dividing a
display region of the liquid crystal panel, and performs local
dimming control (also referred to as area control) to sepa-
rately control luminance of each illumination part (see PLT1
to PLT 5). Particularly, in a case where a displayed image has
a region locally low in tone and a region locally high in tone,
contrast feeling can be improved by the local dimming con-
trol.

Such a liquid crystal display device that performs the local
dimming control may improve the contrast feeling, while
generating a new problem of image quality degradation. For
example, a case is explained as an example, as shown in (a)
portion to (c) portion of FIG. 21, where an image is displayed
in two areas (area 0, area 1) adjacent to each other on the
liquid crystal display device in which the image has a high
tone portion in the area 0 and no high tone portion in the area
1.

An original image signal illustrated in (a) portion of FIG.
21 schematically shows a tone level (transmittance level of
the liquid crystal panel) of the image to be displayed in the
area 0 and area 1. A backlight luminance illustrated in (b)
portion of FIG. 21 schematically shows luminance of the
backlight controlled for each area. Luminance of an output
image is that obtained by combining the transmittance of the
liquid crystal panel controlled in response to the original
image signal and the backlight luminance as illustrated in (c)
portion of FIG. 21. At this time, the high luminance of the
backlight in the area 0 causes a background portion thereof
(portion surrounded by a dotted circle in the figure) to has
higher luminance than the area 1, otherwise must have the
same luminance as the area 1. In other words, controlling the
luminance of the backlight for each area generates differences
in brightness in a part which otherwise should have the same
brightness to degrade the image quality.

Therefore, a liquid crystal display device described in PLT
6 corrects an original image signal illustrated in (a) portion of
FIG. 22 as is illustrated in (b) portion of FIG. 22. Specifically,
in order to suppress image degradation due to controlling the
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luminance of the backlight as illustrated in (¢) portion of FIG.
22, an image signal for the area 1 is corrected to be made
higher in the level than the original image signal. This, as
illustrated in (d) portion of FIG. 22, the output image becomes
an image having no image quality degradation correspond-
ingly to the original image signal. In this way, appropriate
computation of a signal for driving the liquid crystal panel
and a signal for driving the backlight for each frame of the
image to be displayed can achieve improvement of the con-
trast feeling and prevention of the image quality degradation
at the same time.
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SUMMARY OF THE INVENTION

However, the liquid crystal display device described in PLT
6 needs to compute separately the signal for driving the liquid
crystal panel and the signal for driving the backlight for each
frame of the image to be displayed, which disables fast
response, taking time until the image is displayed. For this
reason, for example, the liquid crystal display device for a
smartphone cannot respond to rapid change operation made
on the displayed image such as a scroll operation or zoom
operation of the displayed image instructed by a user.

An object of the present invention is to provide a liquid
crystal display device capable of fast response while perform-
ing local dimming control.

An imaging apparatus for achieving the object of the
present invention includes a liquid crystal panel having a
plurality of liquid crystal elements two-dimensionally
arrayed thereon, a backlight having a plurality of illumination
parts each of which respectively illuminates each of a plural-
ity of areas, the areas being obtained by dividing a display
region of the liquid crystal panel, a liquid crystal panel drive
controller separately controlling light transmittances of the
plurality of liquid crystal elements on the basis of an image
signal to display image on the display region, and a backlight
drive controller determining a luminance pattern defining a
magnitude of luminance of each of the plurality of illumina-
tion parts on the basis of luminance information on the image
signal corresponding to each area to perform an area control
for separately controlling the luminances of the plurality of
illumination parts in accordance with this luminance pattern,
the backlight drive controller having a special area control
mode for performing the area control by determining the
luminance pattern common to a plurality of frames of the
image displayed on the display region.

According to the invention, the luminance pattern common
to a plurality of frames of the image displayed on the display
region is determined in the special area control mode, which
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eliminates a need to determine the luminance pattern for each
frame of the image displayed on the display region.

It is preferable that the backlight drive controller, in the
special area control mode, performs computation of an aver-
age value of the luminances of respective pixels of the image
on the basis of the image signal for the plurality of frames to
determine the luminance pattern on the basis of aresult of this
computation. The plural frames can be displayed without any
difficulty in the case where the luminance pattern common to
plural frames is determined.

It is preferable that the backlight drive controller, in the
special area control mode, compares magnitudes of the lumi-
nances of the respective pixels of the image on the basis the
image signal for the plurality of frames and finds a maximum
value of the luminances of the respective pixels to determine
the luminance pattern on the basis of this maximum value of
the luminances of the respective pixels. The plural frames can
be displayed without any difficulty in the case where the
luminance pattern common to plural frames is determined.
Further, an image having better contrast is obtained as com-
pared to the case where the luminance pattern is determined
on the basis of the result of computation of the average value
of the luminances of respective pixels of the respective
images.

It is preferable to include an operation unit accepting an
image change operation to change the image displayed on the
display region, and a first image generator generating an
image signal for the image corresponding to the image
change operation, in which the backlight drive controller
performs the special area control mode when the image
change operation is made on the operation unit. A response
speed of the liquid crystal display device can be improved
when the image change operation is made.

Itis preferable the image change operation includes a scroll
operation of the image and a zoom operation of the image.

Itis preferable to include a speed detector detecting a speed
of change in the image which changes accompanying the
image change operation, in which the backlight drive control-
ler performs an equalization mode for controlling the lumi-
nances of the plurality of illumination parts to be equalized
when the speed detected by the speed detector is higher than
a predetermined threshold. The response speed of the liquid
crystal display device can be further improved, particularly
when the change speed of the displayed image is fast.

It is preferable to include a second image generator gener-
ating an image signal for a low resolution image which has a
resolution lower than the image generated by the first image
generator on the basis of the image signal for the image
generated by the first image generator, in which the liquid
crystal panel drive controller separately controls the light
transmittances of the plurality of liquid crystal elements on
the basis of the image signal for the low resolution image
generated by the second image generator when the speed
detected by the speed detector is higher than a predetermined
threshold. The response speed of the liquid crystal display
device can be further improved, particularly when the change
speed of the displayed image is fast.

Itis preferable to include a storing unit storing image signal
for the low resolution image, in which the second image
generator generates in advance the image signal for the low
resolution image to store the image signal for the low resolu-
tion image in the storing unit before liquid crystal panel drive
controller determines that the speed is higher than the thresh-
old, and the liquid crystal panel drive controller separately
controls the light transmittances of the plurality of liquid
crystal elements on the basis of the image signal for the low
resolution image read out from the storing unit when the
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speed detected by the speed detector is higher than a prede-
termined threshold. The response speed of the liquid crystal
display device can be further improved, particularly when the
change speed of the displayed image is fast.

It is preferable that the first image generator generates in
advance an image signal for the image likely to be displayed
on the display region on the basis of the image signal for the
image displayed on the display region when the image change
operation is made, and when the image change operation is
made on the operation unit, the liquid crystal panel drive
controller separately controls the light transmittance of the
plurality of liquid crystal elements on the basis of the image
signal for the image generated in advance by the first image
generator, and the backlight drive controller determines the
luminance pattern on the basis of the luminance information
on the relevant image signal to perform the area control.
Generating in advance the image signal for the image corre-
sponding to the image change operation can further improve
the response speed of the liquid crystal display device when
the image change operation is made.

It is preferable that each of the plurality of illumination
parts includes a light emitting diode.

The liquid crystal display device of the invention deter-
mines the luminance pattern common to the plural frames of
the image displayed on the display region to perform the area
control, which eliminates a need to determine the luminance
pattern for each frame of the image displayed on the display
region, decreasing an amount of time taken for a process of
computing a signal for local dimming control (area control).
As a result, the fast response is enabled while the local dim-
ming control is performed.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a perspective view of a smartphone.

FIG. 2 is an exploded perspective view of a liquid crystal
display device.

FIG. 3 is a block diagram illustrating an electrical configu-
ration of the smartphone.

FIG. 4 is a functional block diagram of a CPU.

FIG. 5 is an illustration for explaining generation of an
average image.

FIG. 6 is an illustration for explaining a process of com-
puting LCD and LED pattern signals.

FIG. 7 is a flowchart showing a flow of a display process of
the smartphone in a first embodiment.

FIG. 8 is an illustration for explaining a scroll operation of
image change operations.

FIG. 9 is a comparison diagram for comparing processes of
computing the LCD and LED pattern signals in (A) for a
normal area control mode and (B) for a special area control
mode.

FIG. 10 is a block diagram illustrating an electrical con-
figuration of a smartphone for computing an LED pattern
signal using a highest luminance image in a second embodi-
ment.

FIG. 11 is an illustration for explaining the highest lumi-
nance image.

FIG. 12 is a block diagram illustrating an electrical con-
figuration of a smartphone having an equalization mode for
equalizing luminance between respective illumination parts
in a third embodiment.

FIG. 13 is a flowchart showing a flow of a display process
of the smartphone in the third embodiment.

FIG. 14 is a comparison diagram for comparing processes
of computing the LCD and LED pattern signals in (A) for the
special area control mode and (B) for the equalization mode.
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FIG. 15 is a block diagram illustrating an electrical con-
figuration of a smartphone for generating an LCD pattern
signal on the basis of a low resolution image in a fourth
embodiment.

FIG. 16 is a flowchart showing a flow of a display process
of the smartphone in the fourth embodiment.

FIG. 17 a block diagram illustrating an electrical configu-
ration of a smartphone for generating in advance a displayed
image (prediction image) corresponding to the image change
operation such as the scroll operation in a fifth embodiment.

FIG. 18 is a flowchart showing a flow of a display process
of the smartphone in the fifth embodiment.

FIG. 19 is an illustration for explaining a process of gen-
erating the prediction image.

FIG. 20 is a flowchart showing a flow of a display process
of the smartphone in a case of combining the fourth embodi-
ment and the fifth embodiment.

FIG. 21 is an illustration showing image quality degrada-
tion in a case of performing local dimming control without
performing image signal correction.

FIG. 22 is an illustration showing reduction of the image
quality degradation owing to image signal correction.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

First Embodiment
Smartphone Configuration

As shown in FIG. 1, a smartphone 10 including a liquid
crystal display device according to the present invention has
a planar housing 11. The housing 11 has on one surface
thereof a liquid crystal display device 12, speaker 13, micro-
phone 14, operation unit 15, and camera unit 16. Note that the
configuration of the housing 11 is not limited to this, but, for
example, a configuration in which a display part and an input
part are independent from each other or a configuration which
has a clamshell structure or a slide mechanism may be used.

As shown in FIG. 2, the liquid crystal display device 12 has
a so-called touch panel structure for, according to control by
a CPU 33, displaying images (still image and moving pic-
ture), text information or the like, and detecting a user opera-
tion on the displayed information. The liquid crystal display
device 12 includes a liquid crystal panel (LCD: Liquid Crys-
tal Display) 18, operation panel 19, and backlight 20.

The liquid crystal panel 18 has a plenty of liquid crystal
elements 18a (see FIG. 3) two-dimensionally arrayed thereon
light transmittance of each of which is adjustable. In a case
where a stereoscopic image (3D image) is watched in the
smartphone, the liquid crystal panel 18 capable of stereo-
scopic viewing such as including a lenticular lens is used.

The operation panel 19, which has a light transmission
property, is placed on a display region (surface) of the liquid
crystal panel 18. The operation panel 19 is a device detecting
one or more coordinates where user’s fingers or a stylus
operate. When this device is operated by the use’s fingers or
the stylus, the detected signal having been generated owing to
the operation is output to the CPU of the smartphone 10. The
CPU detects an operation position (coordinates) on the liquid
crystal panel 18 on the basis of the detected signal received.

The operation panel 19 is arranged so as to fully cover the
liquid crystal panel 18. In the case of using this arrangement,
the operation panel 19 may have a function to detect the user
operation also on a region outside the liquid crystal panel 18.
In other words, the operation panel 19 may have a detection
region for an overlap portion overlapping the liquid crystal
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6

panel 18 (hereinafter, referred to as display region) and a
detection region for a peripheral portion other than the over-
lap portion (hereinafter, referred to as non-display region). As
a position detecting method used by the operation panel 19
like this, can be cited a matrix switch method, resistance film
method, surface acoustic wave method, infrared method,
electromagnetic induction method, electrostatic capacitance
method and the like.

The backlight 20 is arranged on a back side of the liquid
crystal panel 18. The backlight 20 has a plurality of illumi-
nation parts 20a each of which can respectively illuminate
each of a plurality of areas 22 obtained by dividing a display
region of the liquid crystal panel 18. Each illumination part
20a has one or more light emitting diodes (hereinafter,
referred to as LED) 23 arranged thereon. Luminances of the
respective illumination parts 20a can be separately con-
trolled, which enables a so-called local dimming control (also
referred to as area control).

As shown in FIG. 3, the smartphone 10 includes, in addi-
tion to the liquid crystal display device 12, speaker 13, micro-
phone 14, operation unit 15, and camera unit 16, a wireless
communication unit 25, phoning unit 27, storage unit 28,
external input-output unit 29, GPS (Global Positioning Sys-
tem) reception unit 30, motion sensor unit 31, power supply
unit 32, CPU 33, LCD driver 34, and LED driver 35.

The wireless communication unit 25 performs wireless
communication with a base station device installed in a
mobile communication network according to an instruction
by the CPU 33. By use of the wireless communication, vari-
ous pieces of file data such as audio data and image data,
e-mail data and the like are transmitted and received, and web
data, streaming data and the like are received.

The phoning unit 27, which includes the speaker 13 and the
microphone 14, converts user’s voice input via the micro-
phone 14 into the audio data to output the audio data to the
CPU 33 and decodes audio data received by the wireless
communication unit 25 or the like to output the audio data
from the speaker 13. The installation positions of the speaker
13 and the microphone 14 are not limited to those shown in
FIG. 1 and can be appropriately changed.

The operation unit 15 is a hardware key using a push button
switch or a cross key, for example, which accepts an instruc-
tion from the user. The operation unit 15 is installed on a lower
part of the display part of the housing 11 or on a lateral side of
the housing 11, for example.

The storage unit 28 stores a control program and control
data of the CPU 33, application software, address data asso-
ciated with a name or telephone number of a person on the
other end of the phone, transmitted and received e-mail data
and the like, and temporarily stores the streaming data or the
like. The storage unit 28 is configured to include an internal
storage unit 28a built in the smartphone and an external
storage unit 285 having a detachable external memory slot. As
the internal storage unit 28a and the external storage unit 285,
various known storage media such as a flash memory type,
hard disk type and the like are used.

The external input-output unit 29 serves as an interface
with all external devices connected to the smartphone 10 for
directly or indirectly connecting with other external devices
by way of communication or the like.

The GPS reception unit 30 receives GPS signals transmit-
ted from GPS satellites ST1 to STn and performs positioning
arithmetic processing on the basis of the received plural GPS
signals to detect a position in latitude, longitude and height of
the smartphone 10. This detection result is output to the CPU
33.
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The motion sensor unit 31, which includes, for example, a
triaxial acceleration sensor or the like, detects physical
motions of the smartphone 10. This detects a direction or
acceleration which the smartphone 10 moves in or at. This
detection result is output to the CPU 33. The power supply
unit 32 supplies power stored in a battery (not shown) to the
respective units of the smartphone 10.

The CPU 33 operates according to the control program or
control data read out from the storage unit 28 to overall
control the respective units of the smartphone 10. The CPU 33
performs display control on the liquid crystal panel 18, opera-
tion detecting control for detecting the user operation via the
operation unit 15, the operation panel 19, or the like.

By performing the display control, the CPU 33 displays an
icon to start the application software or a software key such as
a scroll bar, or displays a window for creating the e-mail. The
scroll bar refers to a software key for accepting an instruction
to move a displayed portion of an image when the image is too
big to fit into the display region of the liquid crystal panel 18.

By performing the operation detecting control, the CPU 33
detects the user operation via the operation unit 15 accepts,
via the operation panel 19, an operation on the above icon or
texts input to an input field on the above window, or accepts a
request for scroll of the displayed image via the scroll bar.

Further, by performing the operation detecting control, the
CPU 33, which determines whether the operation position on
the operation panel 19 is on the overlap portion (display
region) overlapping the liquid crystal panel 18 or on the
peripheral portion (non-display region), other than the over-
lap portion, not overlapping the liquid crystal panel 18, have
a touch panel control function to control a sensing region of
the operation panel 19 and a display position of the software
key.

The CPU 33 can detect a gesture operation on the operation
panel 19 to perform a function set in advance in response to
the detected gesture operation. The gesture operation means
not a conventional simple touch operation but an operation of
tracing by using a finger or the like, designating plural posi-
tions at the same time, or tracing from plural positions to at
least one position by combining these operations.

The camera unit 16 uses an imaging device such as a
CMOS (Complementary Metal Oxide Semiconductor) or a
CCD (Charge-Coupled Device) for electronic imaging. The
camera unit 16 can convert the image data obtained by imag-
ing into various pieces of compressed image data to store the
compressed image data in the storage unit 28 or output the
compressed image data via the external input-output unit 29
or wireless communication unit 25. The camera unit 16 may
be installed on the back side of the housing 11 or a plurality of
camera units 16 may be installed. The camera unit 16 is
available for various functions of the smartphone 10. For
example, an image acquired by the camera unit 16 can be
displayed on the liquid crystal panel 18, or an image by the
camera unit 16 is available as one of operations input to the
operation panel 19.

The LCD driver 34 controls the light transmittance of each
liquid crystal element 18a on the liquid crystal panel 18 under
the control by the CPU 33. The LED driver 35 controls the
luminance of each illumination part 20a under the control by
the CPU 33.
<Configuration Relating to Image Display Process>

As shown in FIG. 4, the CPU 33 reads out from the storage
unit 28 and performs the control program or application soft-
ware to function as an image generator 40, frame memory 41,
and display controller 42.

The image generator 40 generates a screen on which the
icon to start the application software is formed (e.g., desktop
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screen), a screen for running the application software, and
various image signals for displaying an image or the like on
the basis of the image data obtained by way of imaging by the
camera unit 16 or downloaded image data. The image gen-
erator 40, when the scroll operation or zoom operation for the
displayed image is performed on the operation unit 15 or
operation panel 19, generates an image signal corresponding
to each of these operations. The image generator 40 stores the
generated image signal in the frame memory 41.

In the frame memory 41, for example, the image signals
generated by image generator 40 for a plurality of frames are
stored. Then, the image signal for the newest frame generated
by the image generator 40 is overwritten on the image signal
for the oldest frame stored in the frame memory 41.

The display controller 42 computes an LCD pattern signal
and an LED pattern signal (luminance pattern) for driving the
liquid crystal element 18a and the backlight 20, respectively,
on the basis of image signal read out from the frame memory
41 to output the result to the LCD driver 34 and the LED
driver 35, respectively. The display controller 42 is provided
with a backlight drive controller 46 and an L.CD drive con-
troller 47.

The backlight drive controller 46 analyzes luminance
information on the image signal for each area 22 read out
from the frame memory 41 to compute the LED pattern signal
defining a backlight luminance level for each illumination
part 20a. The backlight drive controller 46 outputs the com-
putation result of the backlight luminance level for each illu-
mination part 20a (hereinafter, simply referred to as backlight
luminance distribution data) to the LCD drive controller 47.
The LED pattern signal is output to the LED driver 35, and the
LED driver 35 performs the local dimming control (area
control) to control separately the luminances for the respec-
tive illumination parts 20a on the basis of the LED pattern
signal.

The LCD drive controller 47 corresponds to a liquid crystal
panel drive controller according to the invention. The LCD
drive controller 47 computes the L.CD pattern signal defining
atone for each liquid crystal element 18a (light transmittance
for each liquid crystal element 184a) on the basis of the image
signal read out from the frame memory 41 and the backlight
luminance distribution data input from the backlight drive
controller 46. The L.CD pattern signal is generated for each
frame of the image displayed on the display region of the
liquid crystal panel 18 (hereinafter, simply referred to as
displayed image), that is, generated for each image signal
stored in the frame memory 41. The LCD pattern signal is
output to the LCD driver 34. The LCD driver 34 controls the
light transmittance for each liquid crystal element 184 on the
basis of the LCD pattern signal.

Note “Compute for Image_out” in the figure indicates that
the backlight drive controller 46 and the LCD drive controller
47 compute the LCD pattern signal and LED pattern signal,
respectively. “LCD_Pattern” and “LED_Pattern” indicate the
LCD pattern signal and the LED pattern signal output from
the backlight drive controller 46 and the LCD drive controller
47, respectively. “Image_out” indicates output of the image to
the liquid crystal panel 18.

The display controller 42 (CPU 33) controls the backlight
drive controller 46 to operate in either mode of the normal
area control mode and the special area control mode. Specifi-
cally, the backlight drive controller 46 is made to operate in
the normal area control mode in a case where the image
change operation to change the displayed image such as the
scroll operation or zoom operation for the displayed image is
performed on the operation unit 15 or the operation panel 19,
and in the special area control mode other than in that case.
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In normal area control mode, the LED pattern signal is
computed and output for each frame of the displayed image.
In other words, the backlight drive controller 46 computes
and outputs the LED pattern signal for each image signal
stored in the frame memory 41.

The special area control mode is a mode capable of fast
response (fast display) of the liquid crystal display device 12
as compared to the normal area control mode. In the special
area control mode, common LED pattern signal is computed
and output for every plural frames of the displayed image. In
other words, the backlight drive controller 46 computes and
outputs the LED pattern signal used in common to the plural
frames on the basis of the image signals for the plural frames
stored in the frame memory 41.

For example, as shown in FIG. 5, in a case where the
common LED pattern signal for every three frames of the
displayed image is computed, the backlight drive controller
46 reads out the image signals for the images of three frames
in total, a first to third frame images P1, P2 and P3, from the
frame memory 41. Then, the backlight drive controller 46
finds an average value of the luminances of respective pixels
of the respective images on the basis of the image signals for
three frames to find an average image 49 of the images of
three frames. The backlight drive controller 46 computes and
outputs the LED pattern signal on the basis of the image
signal for the average image 49. Subsequently, similarly to
the above, generation of the average image 49, and computa-
tion and output of the LED pattern signal are repeatedly
performed on the basis of the image signals for the images of
three frames.

In the special area control mode, the backlight drive con-
troller 46 outputs the backlight luminance distribution data
computed from the image signal for the average image 49 to
the LCD drive controller 47. The backlight luminance distri-
bution data is used in common for generating the LCD pattern
signals for three frames. The LCD drive controller 47 gener-
ates the LCD pattern signals for respective three frames on the
basis of the image signals for the images of three frames and
the common backlight luminance distribution data.

By use of FIG. 6, a description is specifically given of
operations of the display controller 42 (backlight drive con-
troller 46 and L.CD drive controller 47) in the special area
control mode. The display controller 42 (backlight drive con-
troller 46 and L.CD drive controller 47) computes the LED
pattern signal (LED_Patternl) and the L.CD pattern signal
(LCD_Patternl), respectively (Compute for Image outl),
when the image change operation such as the scroll operation
is made. Specifically, the average image 49 is generated from
the image signals for the first to third frame images P1, P2,
and P3 and the image signal for the average image 49 is
analyzed to compute “LED_Pattern1”. Additionally,
“LCD_Pattern1” is computed on the basis of the image signal
for the first frame image P1 and the backlight luminance
distribution data of the average image 49. When these
“LED_Pattern1” and “L.LCD_Patternl” are output to the LED
driver 35 and the LCD driver 34, respectively, the first
frame image is displayed on the liquid crystal panel 18 (Ima-
ge_outl).

After “Compute for Image_outl”, the display controller 42
computes “LLCD_Pattern2” on the basis of the image signal
for the second frame image P2 and the previously obtained
backlight luminance distribution data of the average image 49
(Compute for Image_out2). Since the common LED pattern
signal (LED_Patternl) is used in displaying the first to third
frame images, the LED pattern signal is not computed in
“Compute for Image_out2”. When “LED_Pattern1” and
“LCD_Pattern2” are output to the LED driver 35 and the LCD
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driver 34, respectively, the second frame image is displayed
on the liquid crystal panel 18 (Image_out2).

After “Compute for Image_out2”, the display controller 42
computes “LLCD_Pattern3” on the basis of the image signal
for the third frame image P3 and the backlight luminance
distribution data of the average image 49 (Compute for Ima-
ge_out3). In “Compute for Image_out3” also, the LED pat-
tern signal is not computed similarly to “Compute for Ima-
ge_out2”. When “LED_Pattern1” and “L.CD_Pattern3” are
output to the LED driver 35 and the LCD driver 34, respec-
tively, the third frame image is displayed on the liquid crystal
panel 18 (Image_out3).

After “Compute for Image_out3”, the display controller 42
computes “LED_Pattern2” and “LCD_Pattern4” (Compute
for Image_out4). Specifically, the image signal for the aver-
age image 49 generated from image signals for fourth to sixth
frame images is analyzed to compute “LED_Pattern2”. Addi-
tionally, “LCD_Pattern4” is computed on the basis of the
image signal for the fourth frame image and the backlight
luminance distribution data of the average image 49. When
“LED_Pattern2” and “LLCD_Pattern4” are output to the LED
driver 35 and the LCD driver 34, respectively, the fourth
frame image is displayed on the liquid crystal panel 18 (Ima-
ge_out4).

After “Compute for Image_out4”, the display controller
42 performs “Compute for Image_out5” for computing
“LCD_Pattern5” and “Compute for Image_out6” for com-
puting “LCD_Pattern6” in this order. When “LLED_Pattern2”
and “LCD_Pattern5” are output and “LED_Pattern2” and
“LCD_Pattern6” are output in this order, the fifth frame
image and the sixth frame image are displayed on the liquid
crystal panel 18 (Image_out5, Image_out6).

Subsequently, similarly to the above, the LED pattern sig-
nal (LED_Pattern) and the LCD pattern signal (LCD_Pat-
tern) are computed at intervals of three frames [(1+3M)
frames: M is an integer not less than zero|, and other than that,
only the LCD pattern signal (LCD_Pattern) is computed.
<Smartphone Workings in First Embodiment>

Next, a description is given of workings of the smartphone
10 having the above configuration using a flowchart shown in
FIG. 7. In the smartphone 10, when a start operation of the
desktop screen or a start operation of the application software
is performed, the image generator 40 generates and stores the
image signal for the image to be displayed and the display
controller 42 performs the display control. This allows the
liquid crystal panel 18 to display various displayed images
such as the desktop screen and an application software execu-
tion screen.

Before the image change operation such as the scroll
operation of the displayed image is performed, the display
controller 42 controls the backlight drive controller 46 to
operate in the normal area control mode (step S1). This allows
the LED pattern signal and LCD pattern signal to be com-
puted for each frame of the displayed image (for each image
signal stored in the frame memory 41) (see (A) portion of
FIG. 9).

When the image change operation, for example, the scroll
operation of the displayed image is performed on the opera-
tion unit 15 or the operation panel 19, the display controller
42 switches an operation mode of the backlight drive control-
ler 46 from the normal area control mode to the special area
control mode (step S2).

At this time, as shown in (A) portion, (B) portion, and (C)
portion of FIG. 8, the image generator 40 generates the image
signal for the displayed image corresponding to the scroll
operation to store the image signal in the frame memory 41.
This stores, for example, the image signals for plural frame
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images for gradually sliding the original displayed image in a
scroll direction (first frame image P1, second frame image P2,
third frame image P3, . . . ) in the frame memory 41 (step S3).

Returning to FIG. 7, the display controller 42 starts “Com-
pute for Image_outl” for a process of computing the pattern
signal for displaying the first frame image (Image_outl: N=1)
(steps S4, S5).

The backlight drive controller 46 reads out the image sig-
nals for the first to third frame images P1, P2, and P3 from the
frame memory 41 to generate the average image 49 from the
image signals for the respective frame images P1, P2, and P3
(step S6). Next, the backlight drive controller 46 analyzes the
image signal for the average image 49 (luminance informa-
tion or the like) to compute the LED pattern signal
“LED_Patternl”, and thereafter, outputs this “LED_Pat-
ternl” to the LED driver 35 (step S7). The backlight drive
controller 46 outputs the backlight luminance distribution
data computed from the image signal for the average image
49 to the LCD drive controller 47.

Atthis time, the LED pattern signal used in common to the
first to third frame images P1, P2, and P3 may be found from,
for example, only the image signal for the first frame image,
but in the case of using an LED pattern signal optimized for
the first frame image, the LCD pattern signals corresponding
to the second and third frame images cannot be possibly
found. For this reason, computation of the LED pattern signal
on the basis of the image signal for the average image 49 of
the respective frame images ensures that the LCD pattern
signals each correspond to the respective frame images are
computed. This allows plural frames to be displayed without
any difficulty in the case where the luminance pattern com-
mon to plural frames is determined.

The LCD drive controller 47 computes the LCD pattern
signal “LLCD_Pattern1” on the basis of the image signal for
the first frame image read out from the frame memory 41 and
the backlight luminance distribution data acquired from the
backlight drive controller 46, and thereafter, outputs this
“LCD_Pattern1” to the LCD driver 34 (step S8).

The LED driver 35 separately controls the luminances of
the respective illumination parts 20a on the basis of
“LED_Pattern1”. The LCD driver 34 controls the light trans-
mittance (tone) of each liquid crystal element 184 on the basis
of “LLCD_Pattern1”. This allows the first frame image to be
displayed, “Image_out1”, on the liquid crystal panel 18 (step
S9).

The display controller 42, after completion of “Compute
for Image_out1”, starts “Compute for Image_out2” for a pro-
cess of computing the pattern signal for displaying the second
frame image (Image_out2: N=2) (steps S10, S5).

The backlight drive controller 46, which already have com-
puted the LED pattern signal “LED_Pattern1” used in com-
mon for displaying the first to third frame images, does not
newly compute the LED pattern signal and outputs the pre-
viously computed “LED_Pattern1” to the LED driver 35. On
the other hand, the LCD drive controller 47 computes the
LCD pattern signal “LLCD_Pattern2” on the basis of the image
signal for the second frame image read out from the frame
memory 41 and the previously acquired backlight luminance
distribution data, and thereafter, outputs “LLCD_Pattern2” to
the LCD driver 34 (step S8). In this way, in “Compute for
Image_out2”, the LED pattern signal is not computed,
decreasing an amount of computation time as compared to
“Compute for Image_outl”.

The LED driver 35 separately controls the luminances of
the respective illumination parts 20a on the basis of
“LED_Pattern1” and the LCD driver 34 controls the light
transmittance (tone) of each liquid crystal element 184 on the
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basis of “LCD_Pattern2”. This allows the second frame
image to be displayed, “Image_out2”, onthe display region of
the liquid crystal panel 18 (step S9).

The display controller 42, after completion of “Compute
for Image_out2”, starts “Compute for Image_out3” for a pro-
cess of computing the pattern signal for displaying the third
frame image (Image_out3: N=3) (steps S10, S5). The back-
light drive controller 46 outputs the previously computed
“LED_Patternl” to the LED driver 35. On the other hand, the
LCD drive controller 47 computes the LCD pattern signal
“LCD_Pattern3” on the basis of the image signal for the third
frame image read out from the frame memory 41 and the
previously acquired backlight luminance distribution data to
output the LCD pattern signal “LCD_Pattern3” to the LCD
driver 34 (step S8). This allows the third frame image to be
displayed, “Image_out3”, on the display region of the liquid
crystal panel 18 (step S9).

Subsequently, similarly to the above, the display controller
42 performs “Compute for Image_out4”, “Compute for Ima-
ge_out5”, “Compute for Image_out6”, .. ., and “Compute for
Image_outN” in this order to compute and output the respec-
tive pattern signals, and thereby scrolls the displayed image
on the liquid crystal panel 18 in response to the scroll opera-
tion. The processes of step S5 to step S9 described above are
repeatedly performed until the scroll operation is completed.
Note the image generator 40 successively generates and
stores the frame image corresponding to the scroll operation,
though the illustration thereof is omitted.

The display controller 42, in “Compute for Image_out” for
a process of computing the pattern signal for displaying the
N=(1+3M)th frame image, computes the LED pattern signal
and the LCD pattern signal. On the other hand, the display
controller 42, in “Compute for Image_out” for a process of
computing the pattern signal for displaying the N=(1+3M)th
frame image, computes only the LCD pattern signal. This
simplifies the process of computing in the N=(1+3M)th
“Compute for Image_out”, decreasing an amount of process-
ing time.

In (A) portion of FIG. 9 showing a comparison example,
the normal area control mode of related art performs the
process of computing the LED pattern signal “LED_Pattern”
and the LCD pattern signal “LCD_Pattern” for each frame
image ofthe displayed image. For this reason, ifboth the LED
pattern signal and the LCD pattern signal are to be changed at
the same time in response to the change in the displayed
image due to the scroll operation and the like, the process of
computing takes time, reducing a response speed (change
speed involved by the scroll operation).
<Smartphone Workings Effect in First Embodiment>

In contrast to this, as shown in (B) portion of FIG. 9, the
special area control mode according to the invention performs
the process of computing the LCD pattern signal “LCD_Pat-
tern” with the LED pattern signal “LLED_Pattern” being fixed
for plural frames, decreasing the number of times of comput-
ing the LED pattern signal as compared to the normal area
control mode. This simplifies the process of computing. Par-
ticularly, in “Compute for Image_outN” (N=(1+3M)), the
LED pattern signal “LLED_Pattern” is already determined and
only the LCD pattern signal “L.CD_Pattern” corresponding to
this LED pattern signal “LED_Pattern” may be computed
(back calculation), which can simplify the process of com-
puting. As a result of this, the amount of processing time for
“Compute for Image outN” (N=(1+3M)) is decreased,
decreasing the whole computation processing time of the
CPU 33 involved by the scroll operation. This improves the
response speed of the liquid crystal display device 12 in the
scroll operation
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[Smartphone in Second Embodiment]

Next, a description is given of a smartphone 52 according
to a second embodiment of the invention using FIG. 10. In the
first embodiment above, the LED pattern signal is computed
from the image signal for the average image 49 generated
from plural frame images, but in the smartphone 52 in the
second embodiment, the highest luminance image is gener-
ated from plural frame images (see FI1G. 11) to compute the
LED pattern signal from the image signal for the highest
luminance image.

Note the smartphone 52 has the basically same configura-
tion as the smartphone 10 in the first embodiment except for
computing the LED pattern signal from the highest lumi-
nance image instead of the average image 49. Because of'this,
those having the same function and configuration as in the
first embodiment above are designated with the same refer-
ence numerals and characters, and the description thereof is
omitted.

The backlight drive controller 46 in the second embodi-
ment, when switched to the special area control mode, reads
out the image signals for the images of three frames in total,
the first to third frame images P1, P2, and P3, from the frame
memory 41 similarly to the first embodiment.

Next, as shown in FIG. 11, the backlight drive controller 46
compares magnitudes of the luminances of the respective
pixels of the respective images on the basis of the image
signals for three frames to find the maximum value of the
luminances of the respective pixels. Then, the backlight drive
controller 46 extracts the pixel having the maximum value of
luminance from the images of three frames to generate the
highest luminance image 53. For example, in a case where
compared are the magnitudes of the luminances of pixels X at
the same coordinates in the first to third frame images P1, P2,
and P3, the pixel X in the first frame image P1 is extracted
which has the maximum luminance. Subsequently, similarly
to the above, the magnitudes of the luminances of another
coordinates in the frame images P1, P2, and P3 are compared
to extract a pixel in the frame image having the maximum
luminance. This allows the highest luminance image 53 to be
generated.

The backlight drive controller 46 computes and outputs the
LED pattern signal on the basis of the image signal for the
highest luminance image 53. Subsequently, similarly to the
above, the backlight drive controller 46 repeatedly performs
generation of the highest luminance image 53, and computa-
tion and output of the LED pattern signal on the basis of the
image signals for the images of three frames.

Inthis way, the common LED pattern signal is generated on
the basis of the image signal for the highest luminance image
53 generated from plural frame images (e.g., first to third
frame images), which ensures that the LCD pattern signals
each correspond to the respective frame images are computed
similarly to the first embodiment. Further, an image having
better contrast is obtained as compared to the case where the
LED pattern signal is generated on the basis of the image
signal for the average image of the respective frame images.
[Smartphone in Third Embodiment]

Next, a description is given of a smartphone 55 according
to a third embodiment of the invention using FIG. 12. In the
first embodiment above, the backlight drive controller 46 is
made to operate in the special area control mode when the
image change operation such as the scroll operation is made.
In contrast to this, the smartphone 55 in the third embodiment
switches the control mode for the backlight drive controller
46 depending on a result of detecting a speed (scroll speed,
zoom speed or the like) of the change in the displayed image
involved by the image change operation.
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The smartphone 55 has the basically same configuration as
the smartphone 10 in the first embodiment above except that
the CPU 33 is provided with a speed detector 56 and a back-
light drive controller 57, and therefore, those having the same
function and configuration as in the first embodiment above
are designated with the same reference numerals and charac-
ters, and the description thereof is omitted.

The speed detector 56, when the image change operation
such as the scroll operation is made, detects the change speed
of the displayed image involved by this operation. Specifi-
cally, the change speed of the displayed image is detected by
determining an operating speed of the image change opera-
tion made on the operation unit 15 or the operation panel 19
on the basis of an operation signal input from the operation
unit 15 or the operation panel 19 to the CPU 33. The more an
amount of scroll or an enlargement ratio instructed by the
image change operation, or the less a reduction ratio, the more
the change speed of the image increases. For this reason, at
least any of these parameters may be determined on the basis
of the operation signal described above to detect the change
speed ofthe displayed image. Further, the change speed of the
displayed image may be detected on the basis of the number
of frames of'the displayed images or the like which the image
generator 40 generates accompanying the image change
operation. The speed detector 56 inputs a result of detecting
the change speed of the displayed image to the display con-
troller 42.

The backlight drive controller 57 is basically the same as
the backlight drive controller 46 in the first and second
embodiment, but has an equalization mode in addition to the
normal area control mode and special area control mode
described above. In the case where the image change opera-
tion such as the scroll operation is performed, if the change
speed of the displayed image detected by the speed detector
56 is higher than a predetermined threshold, the backlight
drive controller 57 operates in the equalization mode.

The backlight drive controller 57, when set to the equal-
ization mode, controls the luminances of the respective illu-
mination parts 20a to be equalized at a predetermined value.
In other words, in the equalization mode, the control similar
to the typical liquid crystal display device is performed in
which the local dimming control is not performed. Note val-
ues of the luminances of the respective illumination parts 20a
are set to a certain value (e.g., maximum luminance value)
when the scroll operation or zoom operation is performed as
the image change operation, and set to an optimum value
corresponding to a type of the displayed image when a
switching operation is performed to switch the displayed
image.
<Smartphone Workings in Third Embodiment>

A description is given of workings of the smartphone 55
having the above configuration using a flowchart shown in
FIG. 13. Note the processes until the image change operation
such as the scroll operation is performed are the same as those
in the first embodiment described above, and therefore, the
description thereof is omitted.

When the image change operation, for example, the scroll
operation, is performed on the operation unit 15 or the opera-
tion panel 19, the image generator 40 generates the image
signal for the displayed image corresponding to the scroll
operation to store the image signal in the frame memory 41
(step S3). The speed detector 56 determines, for example, the
operating speed of the scroll operation on the basis of the
operation signal or the like from the operation unit 15 or the
operation panel 19 to detect the scroll speed (change speed) of
the displayed image (step S11). The detection result of the
scroll speed is input to the display controller 42.
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In a case where the scroll speed (change speed) detected by
the speed detector 56 is equal to or lower than the predeter-
mined threshold, the display controller 42 switches the opera-
tion mode of the backlight drive controller 57 to the special
area control mode (step S12). In this case, the process similar
to that in the first embodiment shown in FIG. 7 is performed.

On the other hand, in a case where the scroll speed detected
by the speed detector 56 is higher than the predetermined
threshold, the display controller 42 switches the operation
mode of the backlight drive controller 57 to the equalization
mode (step S13). The backlight drive controller 57 deter-
mines the LED pattern signal “LLED_Pattern” such that the
luminances of the respective illumination parts 20a are equal-
ized (flattened) at a certain value to output this “LED_Pat-
tern” to the LED driver 35 (step S14). “LED_Pattern” is fixed
in the equalization mode.

Next, the display controller 42 starts “Compute for
Image_outl” for a process of computing the pattern signal for
displaying the first frame image (Image_outl: N=1) (step
S15). Since “LED_Pattern” is fixed, the backlight drive con-
troller 57 does not perform the process of computing. The
LCD drive controller 47 computes the LCD pattern signal
“LCD_Pattern1” on the basis of the image signal for the first
frame image read out from the frame memory 41 and the
equalized luminance values of the respective illumination
parts 20a, and thereafter, outputs this “LCD_Pattern1” to the
LCD driver 34 (step S16).

The LED driver 35 controls the luminances of the respec-
tive illumination parts 20a to be equalized on the basis of the
fixed “LED_Pattern”. The LCD driver 34 controls the light
transmittance (tone) of each liquid crystal element 184 on the
basis of “LCD_Patternl”. This allows the first frame image to
be displayed, “Image_outl™, on the display region of the
liquid crystal panel 18 (step S17).

The display controller 42, after completion of “Compute
for Image_out1”, starts “Compute for Image_out2” for a pro-
cess of computing the pattern signal for displaying the second
frame image (Image_out2: N=2) (steps S18, S16).

The backlight drive controller 57 outputs the fixed
“LED_Pattern” to the LED driver 35 without performing the
process of computing. On the other hand, the LCD drive
controller 47 computes the LCD pattern signal “LLCD_Pat-
tern2” on the basis of the image signal for the second frame
image read out from the frame memory 41 or the like to output
the LCD pattern signal “LLCD_Pattern2” to the LCD driver 34
(step S16). This allows the second frame image to be dis-
played, “Image_out2”, on the liquid crystal panel 18 (step
S17).

Subsequently, similarly to the above, the display controller
42 performs “Compute for Image_out3”, “Compute for Ima-
ge_outd”, . . ., and “Compute for Image_outN” in this order
to perform the process of computing and outputting the LCD
pattern signal. This scrolls the displayed image on the liquid
crystal panel 18 in response to the scroll operation. These
processes of computing and outputting are repeatedly per-
formed until the scroll operation is completed.

Atthis time, as shown in (A) portion of FI1G. 14, “Compute
for Image_outl, 4, 7, . . . ” in the special area control mode
compute both the LED pattern signal and the LCD pattern
signal, which takes time for the process of computing as
compared to “Compute for Image_out2,3,5,6, . ..” where the
process of computing only the LCD pattern signal is per-
formed.

In contrast to this, as shown in (B) portion of FIG. 14, in the
equalization mode, all “Compute for Image_out” (abbrevi-
ated as CfI_o in the figure) perform the process of computing
only the LCD pattern signal “LCD_Pattern” (abbreviated as
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LCD_P in the figure). For this reason, the process of comput-
ing is simplified in the equalization mode as compared to the
special area control mode, further decreasing the amount of
processing time. Consequently, particularly in a case where
the change speed of the displayed image is fast, for example,
a high speed scroll operation or the like is performed, further
improved response speed of the liquid crystal display device
12 can prevent displaying the liquid crystal display device 12
from not following the high speed scroll operation or the like.

Note though the local dimming control is not performed in
the equalization mode, the image quality of the displayed
image is rarely affected even without performing the local
dimming control when the high speed scroll operation or the
like is performed, causing no particular problem.
[Smartphone in Fourth Embodiment]

Next, a description is given of a smartphone 60 according
to a fourth embodiment of the invention using FIG. 15. In the
third embodiment above, the luminances of the respective
illumination parts 20a are equalized in the equalization mode
to further improve the response speed of the liquid crystal
display device 12. In contrast to this, the smartphone 60 in the
fourth embodiment reduces a resolution of the displayed
image to improve the response speed of the liquid crystal
display device 12 as compared to the third embodiment.

The smartphone 60 has the basically same configuration as
the smartphone 55 in the third embodiment except that the
frame memory 41 is provided with a normal image storage
41a and a low resolution image storage 415, and the CPU 33
is provided with a low resolution image generator (second
image generator) 61 and an LCD drive controller 62. There-
fore, those having the same function and configuration as in
the third embodiment above are designated with the same
reference numerals and characters, and the description
thereof is omitted.

The normal image storage 41a stores therein the image
signal for the displayed image generated by the image gen-
erator (first image generator) 40. The low resolution image
storage 415 corresponding to a storing unit according to the
invention stores therein an image signal for a low resolution
image 64 generated by the low resolution image generator 61.

Every time an image signal for a new displayed image is
stored in the normal image storage 41q, the low resolution
image generator 61 reads out the image signal for this dis-
played image and generates an image signal for the low
resolution image 64 having a resolution lower than this dis-
played image to store the image signal for the low resolution
image 64 in the low resolution image storage 415. Here, the
low resolution image 64 also includes an image having inter-
mediate pixel values each selected from a local region of 3x3
pixels in the original image. A generating method of the low
resolution image 64 is not specifically limited.

The LCD drive controller 62, when the backlight drive
controller 57 is set to the normal area control mode or the
special area control mode, performs the same process as the
LCD drive controller 47 in the above embodiments. However,
the LCD drive controller 62, when the backlight drive con-
troller 57 is set to the equalization mode, uses the image
signal for the low resolution image 64 stored in the low
resolution image storage 415 to generate the LCD pattern
signal “L.CD_Pattern”.
<Smartphone Workings in Fourth Embodiment>

A description is given of workings of a smartphone 60
having the above configuration using a flowchart shown in
FIG. 16. Note the processes are the same as those in the first
embodiment described above, from when the image change
operation such as the scroll operation is performed (step S1)
until the image signal for the displayed image corresponding
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to the scroll operation is stored in the frame memory 41 (step
S3), and therefore, the description thereof is omitted.

The low resolution image generator 61, every time an
image signal for a new displayed image is stored in the normal
image storage 41a, reads out the image signal for this dis-
played image to generate the low resolution image 64 regard-
less of the detection result by the speed detector 56 (operation
mode of the backlight drive controller 57). The image signal
for the low resolution image 64 is successively stored in the
low resolution image storage 415 (step S3-1).

Similarly to the third embodiment described above, the
speed detector 56 detects the speed of the scroll operation
(step S11), and if the operating speed of the scroll operation is
equal to or less than the threshold, the backlight drive con-
troller 57 is switched to the special area control mode (step
S12), and if the operating speed of the scroll operation is
higher than the threshold, the backlight drive controller 57 is
switched to the equalization mode (step S13). When the back-
light drive controller 57 is switched to the equalization mode,
the fixed LED pattern signal “LED_Pattern” is determined,
which fixed “LED_Pattern” is output to the LED driver 35
(step S14).

Next, the display controller 42 starts “Compute for
Image_outl” for a process of computing the pattern signal for
displaying the first frame image (Image_outl: N=1) (step
S15). Since, similarly to the third embodiment, “LED_Pat-
tern” is fixed, the backlight drive controller 57 does not per-
form the process of computing. The LCD drive controller 62
reads out the image signal for the low resolution image 64
corresponding to the first frame image from the low resolu-
tion image storage 416 (step S20). Then, the LCD drive
controller 62 computes the LCD pattern signal “LLCD_Pat-
ternl” on the basis of the image signal read out from the low
resolution image storage 415 and the equalized luminance
values of the respective illumination parts 20a, and thereafter,
outputs this “LLCD_Patternl” to the LCD driver 34 (step S21).

Similarly to the third embodiment, the luminances of the
respective illumination parts 20a are controlled to be equal-
ized on the basis of the fixed “LED_Pattern” to control the
light transmittance (tone) of each liquid crystal element 18a
on the basis of “LLCD_Pattern1”. This allows the low resolu-
tion image of the first frame to be displayed, “Image_out1”,
onthe display region of the liquid crystal panel 18 (step S22).

The LCD drive controller 62, after completion of “Com-
pute for Image_outl”, reads out the image signal for the low
resolution image 64 corresponding to the second frame image
from the low resolution image storage 415 (steps S23, S20).
On the basis of this image signal, the LCD drive controller 62
computes, “Compute for Image_out2”, the LCD pattern sig-
nal “LLCD_Pattern2” to output the signal to the LCD driver 34
(step S21). This allows the low resolution image of the second
frame to be displayed, “Image_out2”, on the liquid crystal
panel 18 (step S22).

Subsequently, similarly to the above, the display controller
42 performs “Compute for Image_out3”, “Compute for Ima-
ge_outd”, . . . “Compute for Image_outN” in this order to
compute and output respective pattern signals, and thereby,
scrolls the displayed image on the liquid crystal panel 18 in
response to the scroll operation. This process is repeatedly
performed until the scroll operation is completed.

In the fourth embodiment, the LCD pattern signal
(“LCD_Pattern™) is computed on the basis of the image signal
for the low resolution image 64, decreasing the amount of
time taken for the process of computing the LCD pattern
signal as compared to the third embodiment. In other words,
the amount of time can be decreased which is taken for each
“Compute for Image_out(CfI_o)” described above shown in
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FIG. 14. For this reason, the response speed of the liquid
crystal display device 12 can be further improved as com-
pared to the third embodiment. Note when the high speed
scroll operation or the like is performed, image quality deg-
radation is indistinctive even if the low resolution image 64 is
displayed, causing no particular problem.

[Smartphone in Fifth Embodiment]

Next, a description is given of a smartphone 66 according
to a fifth embodiment of the invention using FIG. 17. In the
above embodiments, when the image change operation such
as the scroll operation is performed, the displayed image
corresponding to this image change operation is generated,
however, the smartphone 66 in the fifth embodiment gener-
ates in advance the displayed image corresponding to the
image change operation before the image change operation is
made.

The smartphone 66 has the basically same configuration as
the smartphone 10 in the first embodiment except that the
CPU 33 is provided with an image generator (third image
generator) 68, backlight drive controller 69, and L.CD drive
controller 70. Therefore, those having the same function and
configuration as in the first embodiment above are designated
with the same reference numerals and characters, and the
description thereof is omitted.

The image generator 68, similarly to the image generator
40 in the above embodiments, generates the image signals for
various displayed images such as the desktop screen and the
application software execution screen to store the image sig-
nals in the normal image storage 714 of the frame memory 41.
However, the image generator 68 reads out the image signal
for the displayed image which is being displayed on the liquid
crystal panel 18 from the normal image storage 71a to predict
and generate, on the basis of this image signal, an image likely
to be displayed on the liquid crystal panel 18 (e.g., scrolled
image, zoomed image or the like) when the scroll operation or
the zoom operation is made. Then, the image generator 68
stores the image signal for a predicted prediction image 73 in
a prediction image storage 715 of the frame memory 41. The
image signal for the prediction image 73 is constantly gener-
ated and stored.

The backlight drive controller 69 and the LCD drive con-
troller 70 perform the basically same processes as the back-
light drive controller 46 and the LCD drive controller 47,
respectively, in the first embodiment. However, the backlight
drive controller 69 reads out the image signal for the predic-
tion image 73 corresponding to the image change operation
such as the scroll operation from the prediction image storage
in the special area control mode. Then, the backlight drive
controller 69 analyzes the luminance information on the
image signal read out from the prediction image storage 715
to compute the LED pattern signal, and outputs this LED
pattern signal to the LED driver 35. The backlight drive
controller 69 computes the backlight luminance distribution
data to output the backlight luminance distribution data to the
LCD drive controller 70 similarly to the first embodiment.

The LCD drive controller 70, when the backlight drive
controller 69 is set to the special area control mode, reads out
the image signal for the prediction image 73 corresponding to
the image change operation such as the scroll operation from
the prediction image storage 7156. Then, the LCD drive con-
troller 70 computes the LCD pattern signal on the basis of the
image signal read out from the prediction image storage 715
and the backlight luminance distribution data input from the
backlight drive controller 69 to output the LCD pattern signal
to the LCD driver 34.
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<Smartphone Workings in Fifth Embodiment>

A description is given workings of the smartphone 66
having the above configuration using FIG. 18. When the
backlight drive controller 69 is in the normal area control
mode (step S1), that is, before the image change operation is
made, the image generator 68 generates and stores in normal
image storage 71a the image signals for various images to be
displayed, as well as the display controller 42 performs the
display control corresponding to the normal area control
mode.

As shown in FIG. 19, the image generator 68 reads out the
image signal corresponding to the displayed image which is
being displayed on the liquid crystal panel 18 from the normal
image storage 71a to generate, on the basis of this image
signal, the image signal for the prediction image 73 corre-
sponding to the scroll operation or the zoom operation
(“Compute for Image out0”). For example, “prediction
image 1” includes plural frame images corresponding to the
scroll operation, and “prediction image 2 includes plural
frame images corresponding to the zoom operation.

Returning to FIG. 18, the image generator 68 stores the
image signal for the generated prediction image 73 in the
prediction image storage 715 (step S1-1).

When the image change operation, for example, the scroll
operation of displayed image is made on the operation unit 15
or the operation panel 19, the display controller 42 switches
the operation mode of the backlight drive controller 69 to the
special area control mode (step S2).

Next, the display controller 42 starts “Compute for
Image_outl” for a process of computing the pattern signal for
displaying the first frame image (Image_out1:N=1) (steps S4,
S5).

The backlight drive controller 69 reads out the image sig-
nals for the prediction image 73 of three frames (image sig-
nals for the first to third frame images P1, P2, and P3) corre-
sponding to the scroll operation from the prediction image
storage 715 (step S5-1). Subsequently, similarly to the first
embodiment above, the backlight drive controller 69 com-
putes the LED pattern signal “LLED_Pattern1” on the basis of
the average image 49 generated from the respective image
signals to output this “LED_Pattern1” to the LED driver 35
(steps S6, S7). The backlight drive controller 69 outputs the
backlight luminance distribution data computed from the
image signal for the average image 49 to the LCD drive
controller 70.

The LCD drive controller 70 reads out the image signal for
the prediction image 73 of one frame (image signal for the
first frame image P1) corresponding to the scroll operation
from the prediction image storage 7156 (step S5-1). Subse-
quently, similarly to the first embodiment above, the
LCD drive controller 70 computes the LCD pattern signal
“LCD_Pattern1” on the basis of the image signal for the first
frame image and the backlight luminance distribution data,
and thereafter, outputs this “LCD_Patternl” to the LCD
driver 34 (step S8). This allows the first frame image to be
displayed, “Image_outl”, on the display region of the liquid
crystal panel 18 (step S9).

The display controller 42, after completion of “Compute
for Image_outl”, performs “Compute for Image_out2” and
“Compute for Image_out3” in this order. Consequently, the
LCD drive controller 70 computes “LCD_Patternl” and
“LCD_Pattern2” in this order on the basis of the image signal
read out from the prediction image storage 715. Then, simi-
larly to the first embodiment, “LED_Patternl” and
“LCD_Pattern2” are output to the LED driver 35, and then,
“LED_Pattern1” and “LLCD_Pattern3” are output to the LCD
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driver 34 to display the second frame image and the third
frame image on the liquid crystal panel 18 (Image_out2,
Image_out3).

Subsequently, similarly to the first embodiment, “Compute
for Image_out4”, “Compute for Image_out5”, “Compute for
Image_out6”, ... “Compute for. Image_outN” are performed
in this order, to compute and generate the respective pattern
signals, and thereby, the displayed image on the liquid crystal
panel 18 is scrolled in response to the scroll operation. These
processes are repeatedly performed until the scroll operation
is completed.

In this way, the smartphone 66 in the fifth embodiment
also, in “Compute for Image_out™ for a process of computing
the pattern signal for displaying the N=(1+3M)th frame
image, computes only the LCD pattern signal, obtaining an
effect similar to the effect described in the first embodiment.
Further, in the fifth embodiment, the prediction image 73
corresponding to the image change operation such as the
scroll operation is generated and stored in advance, enabling
the faster response as compared to the first embodiment in
which the displayed image corresponding to the image
change operation is generated when this operation is made.

Modification Example of Fifth Embodiment

It is possible to adequately combine the configuration in
the fiftth embodiment in which the prediction image 73 is
generated corresponding to the image change operation such
as the scroll operation and the configurations in the second to
fourth embodiments above. For example, the fourth embodi-
ment and the fifth embodiment may be combined to generate
the low resolution image 64 (see FIG. 15) from the prediction
image 73.

As shown in FIG. 20, in the case of combining the fourth
embodiment and the fifth embodiment, the low resolution
image generator 61 (see FIG. 15) generates the low resolution
image 64 on the basis of the prediction image 73 stored in
prediction image storage 715 to store the low resolution
image in the low resolution image storage 415 (step S1-2).
The LCD drive controller 70 (see FIG. 15) generates the LCD
pattern signal on the basis of the image signal for the low
resolution image 64 generated from the prediction image 73.
This enables the faster response when the high speed scroll
operation or the like is performed as compared to the fourth
embodiment.

[Others]

In the above embodiments, the scroll operation, cited as an
example, is specifically used as the image change operation
for description, but the present invention can be applied to the
case of performing various image change operations to
change the displayed image such as the zoom operation or the
displayed image switching operation.

In the above embodiments, the LED 23 is used as a light
source for each illumination part 20a, but various light
sources can be used other than the LED.

In the above embodiments, the LED pattern signal com-
mon to three frames is computed in the special area control
mode, but the LED pattern signal common to two frames, or
four or more frames may be computed.

Inthe above embodiments, the liquid crystal display device
including a so-called direct backlight arranged on the back
side of the liquid crystal panel 18, cited as an example, is used
as the backlight 20 for description, but the present invention
can be applied to various liquid crystal display devices
capable of the local dimming control, for example, the liquid
crystal display device including a so-called edge type back-
light arranged on the lateral side of the liquid crystal panel 18.
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In the above embodiments, the liquid crystal display device
used in the smartphone, cited as an example, is used for
description, but the present invention can be applied to the
liquid crystal display devices used in the mobile phone and
various mobile terminals such as a PDA, TV, photo frame,
various monitors or the like.
What is claimed is:
1. A liquid crystal display device comprising:
a liquid crystal panel having a plurality of liquid crystal
elements two-dimensionally arrayed thereon;

abacklight having a plurality of illumination parts each of
which respectively illuminates each of a plurality of
areas, the areas being obtained by dividing a display
region of the liquid crystal panel;

aliquid crystal panel drive controller separately controlling

light transmittances of the plurality of liquid crystal
elements on the basis of an image signal to display an
image on the display region; and

a backlight drive controller determining a luminance pat-

tern defining a magnitude of luminance of each of the
plurality of illumination parts on the basis of luminance
information on the image signal corresponding to each
areato perform an area control for separately controlling
the luminances of the plurality of illumination parts in
accordance with the luminance pattern, the backlight
drive controller having a special area control mode for
performing the area control by determining the lumi-
nance pattern common to a plurality of frames of the
image displayed on the display region,

wherein the backlight drive controller, in the special area

control mode, performs computation of an average value
of the luminances of respective pixels of the image on
the basis of the image signal of the image for the plural-
ity of frames to determine the luminance pattern on the
basis of a result of the computation.

2. The liquid crystal display device according to claim 1,
further comprising:

an operation unit accepting an image change operation to

change the image displayed on the display region; and

a first image generator generating an image signal for the

image corresponding to the image change operation,
wherein

the backlight drive controller performs the special area

control mode when the image change operation is made
on the operation unit.

3. The liquid crystal display device according to claim 2,
wherein the image change operation includes a scroll opera-
tion of the image and a zoom operation of the image.

4. The liquid crystal display device according to claim 2,
further comprising a speed detector detecting a speed of
change in the image which changes accompanying the image
change operation,
wherein

the backlight drive controller performs an equalization

mode for controlling the luminances of the plurality of
illumination parts to be equalized when the speed
detected by the speed detector is higher than a predeter-
mined threshold.

5. The liquid crystal display device according to claim 4,
further comprising a second image generator generating an
image signal for a low resolution image which has a resolu-
tion lower than the image generated by the first image gen-
erator on the basis of the image signal for the image generated
by the first image generator,
wherein

the liquid crystal panel drive controller separately controls

the light transmittances of the plurality of liquid crystal
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elements on the basis of the image signal for the low
resolution image generated by the second image genera-
tor when the speed detected by the speed detector is
higher than a predetermined threshold.

6. The liquid crystal display device according to claim 5,
further comprising a storing unit storing the image signal for
the low resolution image,
wherein

the second image generator generates in advance the image
signal for the low resolution image to store the image
signal for the low resolution image in the storing unit
before the liquid crystal panel drive controller deter-
mines that the speed is higher than the threshold, and

the liquid crystal panel drive controller separately controls
the light transmittances of the plurality of liquid crystal
elements on the basis of the image signal for the low
resolution image read out from the storing unit when the
speed detected by the speed detector is higher than a
predetermined threshold.

7. The liquid crystal display device according to claim 2,

wherein

the first image generator generates in advance an image
signal for the image likely to be displayed on the display
region on the basis of the image signal for the image
displayed on the display region when the image change
operation is made, and

when the image change operation is made on the operation
unit, the liquid crystal panel drive controller separately
controls the light transmittance of the plurality of liquid
crystal elements on the basis of the image signal for the
image generated in advance by the first image generator,
and the backlight drive controller determines the lumi-
nance pattern on the basis of the luminance information
on the relevant image signal to perform the area control.

8. The liquid crystal display device according to claim 1,
wherein each of the plurality of illumination parts includes a
light emitting diode.

9. The liquid crystal display device according to claim 1,
wherein

the backlight drive controller obtains an average image by
performing computation of average values of the lumi-
nances at respective pixels of the plurality of the frames
to determine the luminance pattern on the basis of the
average image.

10. A liquid crystal display device comprising:

a liquid crystal panel having a plurality of liquid crystal
elements two-dimensionally arrayed thereon;

a backlight having a plurality of illumination parts each of
which respectively illuminates each of a plurality of
areas, the areas being obtained by dividing a display
region of the liquid crystal panel;

aliquid crystal panel drive controller separately controlling
light transmittances of the plurality of liquid crystal
elements on the basis of an image signal to display an
image on the display region; and

a backlight drive controller determining a luminance pat-
tern defining a magnitude of luminance of each of the
plurality of illumination parts on the basis of luminance
information on the image signal corresponding to each
area to perform an area control for separately controlling
the luminances of the plurality of illumination parts in
accordance with the luminance pattern, the backlight
drive controller having a special area control mode for
performing the area control by determining the lumi-
nance pattern common to a plurality of frames of the
image displayed on the display region,
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wherein the backlight drive controller, in the special area
control mode, compares magnitudes of the luminances
of the respective pixels of the image on the basis the
image signal of the image for the plurality of frames and
finds a maximum value of the luminances of the respec-
tive pixels to determine the luminance pattern on the
basis of the maximum value of the luminances of the
respective pixels.

11. The liquid crystal display device according to claim 10,
further comprising:

an operation unit accepting an image change operation to

change the image displayed on the display region; and

a first image generator generating an image signal for the

image corresponding to the image change operation,
wherein

the backlight drive controller performs the special area

control mode when the image change operation is made
on the operation unit.

12. The liquid crystal display device according to claim 11,
wherein the image change operation includes a scroll opera-
tion of the image and a zoom operation of the image.

13. The liquid crystal display device according to claim 11,
further comprising a speed detector detecting a speed of
change in the image which changes accompanying the image
change operation,
wherein

the backlight drive controller performs an equalization

mode for controlling the luminances of the plurality of
illumination parts to be equalized when the speed
detected by the speed detector is higher than a predeter-
mined threshold.

14. The liquid crystal display device according to claim 13,
further comprising a second image generator generating an
image signal for a low resolution image which has a resolu-
tion lower than the image generated by the first image gen-
erator on the basis of the image signal for the image generated
by the first image generator,
wherein

the liquid crystal panel drive controller separately controls

the light transmittances of the plurality of liquid crystal
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elements on the basis of the image signal for the low
resolution image generated by the second image genera-
tor when the speed detected by the speed detector is
higher than a predetermined threshold.
15. The liquid crystal display device according to claim 14,
further comprising a storing unit storing the image signal for
the low resolution image,
wherein
the second image generator generates in advance the image
signal for the low resolution image to store the image
signal for the low resolution image in the storing unit
before the liquid crystal panel drive controller deter-
mines that the speed is higher than the threshold, and

the liquid crystal panel drive controller separately controls
the light transmittances of the plurality of liquid crystal
elements on the basis of the image signal for the low
resolution image read out from the storing unit when the
speed detected by the speed detector is higher than a
predetermined threshold.

16. The liquid crystal display device according to claim 9,
wherein

the first image generator generates in advance an image

signal for the image likely to be displayed on the display
region on the basis of the image signal for the image
displayed on the display region when the image change
operation is made, and

when the image change operation is made on the operation

unit, the liquid crystal panel drive controller separately
controls the light transmittance of the plurality of liquid
crystal elements on the basis of the image signal for the
image generated in advance by the first image generator,
and the backlight drive controller determines the lumi-
nance pattern on the basis of the luminance information
on the relevant image signal to perform the area control.

17. The liquid crystal display device according to claim 10,
wherein each of the plurality of illumination parts includes a
light emitting diode.



